1. Introduction {#s0005}
===============

E-cigarettes and hookah tobacco are major emerging tobacco products in the U.S. Among adults, the prevalence of current e-cigarette use increased from 0.3% in 2010 to 6.8% in 2013 ([@bb0080]). Similarly, among young adults, the prevalence of ever-use of hookah tobacco increased significantly from 7% in 2010--11 to 12% in 2014--15 ([@bb0115]). While there are many potential reasons for increased popularity of these tobacco products, flavoring could be one of the main factors. In comparison to regular cigarettes that can be either menthol or non-menthol (i.e., unflavored), e-cigarettes and hookah tobacco are available in hundreds of flavors ranging from apple and chocolate to alcohol and coffee ([@bb0145]). Candy and fruit flavors are especially appealing to younger populations; for example, in one study, 83% of young adult e-cigarette users reported using fruit-flavored e-cigarettes ([@bb0055]). Indeed, many e-cigarette and hookah tobacco users cite flavoring as a reason for using the tobacco product. Specifically, over 70% of adolescent e-cigarette users and 80% of adolescent hookah tobacco smokers reported using their product of choice because the product was available in the flavors they liked ([@bb0010]); about 60% of adult e-cigarette users reported e-cigarette use for the same reason ([@bb0020]); and 80% of adult hookah tobacco smokers reported hookah tobacco use because they "enjoyed the taste" ([@bb0110]).

Availability of flavored tobacco products may encourage use of tobacco, especially among teenagers and young adults. Therefore, there is a critical need for new knowledge regarding association between flavoring and use of tobacco products ([@bb0010]; [@bb0075]; [@bb0060]). The goals of this study were to (1) estimate the prevalence of use of FE and FHT among e-cigarette and hookah tobacco users, respectively, and evaluate potential differences across sociodemographic characteristics (e.g., age, sex) and (2) identify the users\' sociodemographic characteristics and regular-cigarette smoking behaviors significantly associated with use of FE and FHT.

2. Methods {#s0010}
==========

We used the 2014--15 Tobacco Use Supplement to the Current Population Survey (TUS-CPS) data, pooled over three monthly survey waves (July 2014, January 2015, and May 2015) ([@bb0130]). We only considered self-reported data; reports provided by proxy-respondents were not considered ([@bb0050]; [@bb0095]; [@bb0070]). We identified two cohorts of adults (who were 18 years old or older): current e-cigarette users (n = 3691) and current hookah tobacco users (n = 658). These cohorts represented 5,503,817 e-cigarette users and 1,331,394 hookah tobacco users, respectively, in the U.S. in 2014--15.

Respondents were considered current users of either e-cigarettes or hookah tobacco if they reported using the product occasionally or daily. E-cigarette products included e-cigarettes, vape-pens, hookah-pens, e-hookahs, e-vaporizers, and e-cigars ([@bb0130]). Hookah tobacco products included hookah, water pipe, shisha, narghile, argileh, and hubble-bubble ([@bb0130]). Therefore, the surveyed tobacco products are expected to include all (or almost all) forms of e-cigarette and hookah tobacco products available in the U.S.

The respondents were surveyed either in person (about 45%) or by phone (about 55%). [Table 1](#t0005){ref-type="table"} presents sociodemographic characteristics as well as regular-cigarette smoking status for each cohort. We note that due to small group sample sizes, current e-cigarette users who were non-Hispanic (NH) Hawaiians/Pacific Islanders, as well as current hookah tobacco smokers who were NH Hawaiians/Pacific Islanders, NH American Indians/Alaskan Natives, or NH Multiracials, were included only in descriptive analyses.Table 1Summary statistics for two cohorts from 2014--15 Tobacco Use Supplement to the Current Population Survey; study was conducted from October 2018 to February 2019.Table 1CharacteristicsE-cigarette usersHookah tobacco usersSample countPercent[a](#tf0005){ref-type="table-fn"}Sample countPercent[a](#tf0005){ref-type="table-fn"}Age 18--2439018.5%25250.4% 25--44160742.3%34442.9% 45+169439.2%626.7%Sex Male177353.4%38460.7% Female191846.6%27439.3%Race/ethnicity Non-Hispanic (NH) White307178.9%41957.3% NH Black/African American2006.4%8214.9% NH American Indian/Alaskan Native451.0%90.6% NH Asian521.7%293.8% NH Hawaiian/Pacific Islander110.4%30.6% NH Multiracial973.7%213.4% Hispanic2158.0%9519.5%Marital status Married (living with a spouse)149237.4%13716.8% Widowed, divorced or separated109625.9%769.2% Never married110336.7%44574.0%Highest level of education High school or equivalent or less169946.3%19733.7% Some college or bachelor\'s degree185250.8%39259.4% Graduate degree or equivalent1402.9%696.9%Employment status Employed226963.8%50673.6% Unemployed or not in labor force142236.2%15226.4%Region of residency Northeast49914.9%9415.9% Midwest91624.9%14422.4% South136940.2%22432.3% West90719.9%19629.4%Metro/non-metro area of residency Metropolitan area279482.7%58391.1% Non-metropolitan area89717.3%758.9%Regular-cigarette smoking status Never smoker2398.3%35456.3% Former smoker97226.1%8711.2% Current smoker248065.6%21732.5%Total (population count)3691 (5,503,817)100.0%658 (1,331,394)100.0%[^1]

Our key measures of interest were (1) use of FE and (2) use of FHT. These binary measures were defined, respectively, using Yes/No responses to the survey questions "Some tobacco products come in flavors such as menthol or mint, clove, spice, fruit, chocolate, alcohol, or other flavors. When you use an e-cigarette, is it usually flavored?" and "Some tobacco products come in flavors such as menthol or mint, clove, spice, fruit, chocolate, alcohol, or other flavors. When you smoke a water/hookah pipe filled with tobacco, is it usually flavored?" ([@bb0130]). Explanatory measures included user\'s sociodemographic characteristics and regular-cigarette smoking status (see [Table 1](#t0005){ref-type="table"}).

We used Rao-Scott chi-squared tests to assess significance of associations between each primary and each explanatory measure ([@bb0120]). Balanced Repeated Replications with survey weights were used to estimate the standard errors ([@bb0105]). The significance level was fixed at 5% for each test. In the case of a significant overall difference for measures with more than two levels, we performed additional comparisons using Bonferroni adjustments. In addition, we fitted two design-based multiple logistic regression models, similar to the previously discussed models ([@bb0115]; [@bb0045]; [@bb0140]). Both models included all explanatory factors and survey mode (phone, in-person). For each significant odds ratio we report either 95% Confidence Interval (CI) or 95% Simultaneous Confidence Interval (SCI) based on Bonferroni adjustments. Computing was performed using SAS®9.4 Survey Package ([@bb0100]; [@bb0005]).

3. Results {#s0015}
==========

Among current e-cigarette users, the rate of use of FE was 65.5%, and use of FE was significantly associated (overall) with user\'s age, race/ethnicity, marital status, highest level of education, employment status, region of residency and regular-cigarette smoking (see [Table 2](#t0010){ref-type="table"}). [Table 2](#t0010){ref-type="table"} also illustrates the specific differences in the rates of use of FE across diverse sociodemographic groups and regular-cigarette smoking behaviors. Users\' sex and metro/non-metro area of residency were not significantly associated with the use of flavored e-cigarettes.Table 2Use of flavored e-cigarettes among e-cigarette users; 2014--15 Tobacco Use Supplement to the Current Population Survey; study was conducted from October 2018 to February 2019.Table 2CharacteristicsRate of use of flavored e-cigarettesAdjusted p-ValueAgep \< 0.001 18--2482.9%\<0.001 25--4472.5%\<0.001 45+49.1%ReferenceRace/ethnicityp \< 0.001 Non-Hispanic (NH) White62.8%Reference NH Black/African American65.4%NS NH American Indian/Alaskan Native71.7%NS NH Asian80.3%NS NH Hawaiian/Pacific Islander77.9%Not assessed NH Multiracial79.0%0.039 Hispanic77.9%0.001Marital statusp \< 0.001 Married (living with a spouse)60.5%Reference Widowed, divorced, or separated56.4%NS Never married76.3%\<0.001Highest level of educationp = 0.047 High school or equivalent or less63.4%Reference Some college or bachelor\'s degree67.2%NS Graduate degree or equivalent59.1%NSGeographic regionp = 0.003 Northeast59.4%Reference Midwest61.9%NS South68.6%0.012 West66.7%0.081Regular cigarette smoking statusp \< 0.001 Never smoker86.5%Reference Former smoker74.3%0.003 Current smoker58.9%\<0.001[^2]

Among users of hookah tobacco, the rate of use of FHT was 87.3%, and use of FHT was significantly associated (overall) with user\'s sex (p \< 0.001), highest level of education (p = 0.038) and regular-cigarette smoking status (p = 0.002). Here we mention only significant individual comparisons among users of hookah tobacco. The rate of use of FHT was significantly higher for women (95.2%) than men (81.9%), and lower for current smokers of regular cigarettes (79.8%) than never smokers (90.3%, adjusted p = 0.009). While the rate of FHT smoking was the highest for former smokers of regular cigarettes (92.0%), the corresponding comparison versus never smokers was not significant. Users\' age, race/ethnicity, marital status, employment status, region of residence and metro/non-metro area of residency were not significantly associated with use of FHT.

The model for the logit of the probability of use of FE (Likelihood Ratio = 678,678, df = 20, p \< 0.0001) indicated significance of several main effects: user\'s age (p \< 0.001), sex (p = 0.017), region of residency (p = 0.008) and regular-cigarette smoking status (p \< 0.001). Race/ethnicity and marital status were significant at the 10% level only; the highest level of education, employment status, metro/non-metro area of residency, and survey mode were not significant. The odds of use of FE were significantly higher for 18--24 year-old (OR = 3.6, SCI = 2.3:5.8) and 25--44 year-old (OR = 2.4, SCI = 1.9:2.9) users relative to 45+ year-old users (both adjusted p \< 0.001); women than men (OR = 1.2, CI = 1.0:1.5); and Southern than Northeastern residents (OR = 1.5, SCI = 1.1:2.1; adjusted p = 0.013). In addition, the odds of use of FE were significantly lower for current smokers of regular cigarettes than never smokers (OR = 0.4, SCI = 0.2:0.7; adjusted p = 0.001). [Fig. 1](#f0005){ref-type="fig"} illustrates these results. The other comparisons were not significant.Fig. 1Rate (and standard error) of use of flavored e-cigarettes among e-cigarette users: Design-based logistic regression results; 2014--15 Tobacco Use Supplement to the Current Population Survey; study was conducted from October 2018 to February 2019.Notes: adjusted p-values are reported only for significant differences; each reference level is dark-shaded.Fig. 1

The model for the logit of the probability of use of FHT (Likelihood Ratio = 159,763, df = 18, p \< 0.001) indicated significance of two main effects only: user\'s sex (p \< 0.0001) and regular-cigarette smoking status (p = 0.024); the other main effects were not significant. The odds of use of FHT were significantly higher for women than men (OR = 5.9, CI = 2.8:12.6), and significantly lower for current smokers of regular cigarettes than never smokers (OR = 0.4, SCI = 0.1:0.9; adjusted p = 0.029); the comparison between former and never smokers was not significant. [Fig. 2](#f0010){ref-type="fig"} illustrates these results.Fig. 2Rate (and standard error) of use of flavored hookah tobacco among hookah tobacco users: Design-based logistic regression results; 2014--15 Tobacco Use Supplement to the Current Population Survey; study was conducted from October 2018 to February 2019.Notes: adjusted p-values are reported only for significant differences; each reference level is dark-shaded.Fig. 2

4. Discussion {#s0020}
=============

Overall, the use of flavoring was prevalent among both e-cigarette and hookah tobacco users; this is consistent with prior research among adults and adolescents ([@bb0010]; [@bb0030]). Additionally, among current e-cigarette and hookah tobacco users, the use of FE and FHT was highly prevalent across all sociodemographic groups examined in the study, e.g., across age, race/ethnicity, marital status, education, and geographic region of residence. The only exception was observed for 45+ year-old e-cigarette users, for whom the rate of use of FE was slightly below 50%. Unadjusted and adjusted (for other factors) analyses resulted in several consistent (significant) findings: among e-cigarette users, the use of FE was more prevalent among younger (18--24 and 25--44 year-old) adults than 45+ year-old adults, and Southern than Northeastern residents; and among hookah tobacco users, the use of FHT was more prevalent among women than men. These findings are also consistent with prior studies, where the use of flavored tobacco product has been shown to be associated with being younger and being female ([@bb0055]; [@bb0030]; [@bb0125]).

In addition, unadjusted and adjusted (for other factors) analyses consistently indicated that the rate of use of FE (FHT) were very high among e-cigarette (hookah tobacco) users who never smoked regular cigarettes, the corresponding rates were 87% for FE and 90% for FHT. Moreover, the rates of use of FE and FHT were significantly higher among users who never smoked regular cigarettes relative to those users who were current smokers. Thus, flavoring could be the key reason for tobacco use among never smokers, causing non-smoker\'s exposure to nicotine and other harmful chemicals contained in tobacco products ([@bb0005]; [@bb0030]; [@bb0125]; [@bb0015]; [@bb0025]; [@bb0040]; [@bb0135]). We also observed that the rate of use of FE (FHT) is high among e-cigarette users who were former smokers of regular cigarettes. Although switching to e-cigarettes (hookah tobacco) may help reduce harmful effect of tobacco use among heavy smokers, continued use of tobacco products may delay complete cessation of tobacco use. In addition, use of FE and FHT was highly prevalent among current smokers of regular cigarettes: the corresponding rates were 60% for FE and 80% for FHT. Furthermore, most e-cigarette users were also current smokers of regular cigarettes (66%), which is consistent with prior studies that have demonstrated that dual use of e-cigarettes and regular cigarettes is prevalent in the U.S. ([@bb0035]; [@bb0065])

The study has some limitations. First, we could not perform comparisons for several sociodemographic groups of e-cigarette and hookah tobacco users because these groups were not well-represented in the study cohort, e.g., among e-cigarette users, NH Hawaiian/Pacific Islander users accounted for only 0.3% of the weighted cohort (n = 11) and among hookah tobacco users, NH Hawaiian/Pacific Islander users accounted for only 0.5% of the weighted cohort (n = 3). In addition, we considered occasional and daily users simultaneously to assure that the statistical power is adequate. However, patterns of use of FE and FHT could be very different among occasional and daily users; thus, because the study results concern the overall population of current users, they might not be valid when limiting to occasional users only or daily users only.

Currently, there is a lack of comprehensive understanding of the potential harmful effects of use of FE and FHT on population health. While there is some debate regarding switching to e-cigarettes while trying to cut back on regular cigarettes, e-cigarettes (as well as hookah tobacco) are not yet recognized as evidence-based smoking cessation methods. Additionally, implementing policies that limit product accessibility for groups with high use rates (particularly teenagers and young adults) is highly important. Moreover, there is a need for studies evaluating the long-term effects of use of emerging tobacco products (including FE and FHT) among never, former and current smokers of regular cigarettes. These studies will help better our understanding of tobacco and polytobacco use behaviors and improve programs for tobacco use cessation.
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[^1]: Percentages are based on the population counts.

[^2]: Note: "NS" stands for "not significant".
